Natural fractures in shale are important for the preservation and exploitation of shale gas. The classification of fracture types and characterization of system parameters would help to better evaluate reservoir properties. An evaluation of the relationship between natural fractures and hydraulic fractures may help to predict the effects of fracturing on reservoir properties and assist fracturing design. This study focuses on fractures in Lower Cambrian marine shale in southeast Chongqing, China. The fracture system is characterized in detail through observations and descriptions of several outcrops, cores, and thin sections. Hydraulic fracturing experiments were conducted using a large-size triaxial simulator, enabling us to discuss the effects of natural fractures on the creation of hydraulic fractures in a reservoir. The shale contains three primary fracture types: structural fractures, digenetic fractures, and abnormal pressure fractures. High-angle shear fractures (75°-90° from bedding) are the dominant type of seepage fractures observed in the study area. Three sets of tectonic fractures were formed during three tectonic movements. East-west fractures formed mainly in the Yanshanian. Hydraulic fracturing experiments indicated that the Lower Cambrian shale had a good level of reconstruction. The interference between natural fractures and hydraulic fractures has resulted in the segmentation. This study maybe have some reference for fracturing parameter design.
INTRODUCTION
The degree of fracturing in a shale gas reservoir is directly related to the volume of gas produced (Zhang et al., 2008; Jeong et al., 2013; Mazaheri et al., 2015) . Consequently, fractures are important reservoirs for shale gas and act as shale gas pathways if natural fractures connect with hydraulic fractures. The production mechanism of shale gas is complex, and is primarily related to the ratio of adsorbed gas to free gas, the expansion of hydraulic fractures, and their connections with natural fractures (Tang et al., 2010; Bi et al., 2014; Jang and Lee, 2015) . Therefore, the characteristics of natural fractures are important for reservoir evaluation, as they can inform engineering designs and reservoir evaluation, and help to predict the effects of hydraulic fracturing (Cipolla et al., 2008; Sondergeld et al., 2010; Guo et al., 2013; Li et al., 2013) . Some literatures are found on shale fractures currently in internal, (Nelson, 1985; Zeng et al., 1998; Adams, 2013; Bychina, 2014; Gomaa, 2014) . And method for fracture characterization on shale is the same as sand reservoirs. Also, the effect of natural fractures on shale fracturing is just analyzed theoretically in domestic. (Zhou et al., 1998; Lu et al., 2012; Zhao et al., 2012; Chen et al., 2013) .
In this study, through the observation and description of many outcrops, cores, and thin sections, according to their genetic feature, fractures in the Lower Cambrian shales were divided into three genetic types. And their detailed characteristics were described. To make the study has more applied value, the effects of natural fractures on expanding hydraulic fractures were discussed, based on hydraulic fracturing experiments performed using a large-size triaxial simulator., Reconstructed characteristics of Lower Cambrian shale in southeast Chongqing were examined. This research is significant for shale gas reservoir evaluation and for the prediction of reservoir reconstruction effects.
GEOLOGIC SETTING
The study area lies in the southeast Sichuan Basin, which is part of the Upper Yangtze plate (Fig. 1) . This region has experienced repeated tectonic events, with intense deformation and fold-fault development during the Yanshanian. Controlled by NW-SE compressive stress during the Yanshanian, the main structures in southeast Chongqing are orientated NNE-SSW. After the Yanshanian, this area became stable and was uplifted and exposed subaerially. Exposed strata in southeast Chongqing are Cambrian, Ordovician, Silurian, and Permian in age. Lower Paleozoic marine shale is widespread, including the Lower Cambrian Niutitang Formation, the Upper Ordovician Wufeng Formation, and the lower Silurian Longmaxi Formation (Fig. 2) . These shale units are characterized by their great thickness and high abundance of organic matter. Fractures are developed throughout the shales (Huang et al., 2011; Zou et al., 2010) . The Wufeng and Longmaxi formations have great exploration potential for shale gas, especially after the discovery of economic gas reserves at Fuling in southeast Chongqing. There has been little exploration of the Niutitang Formation, which was buried to depths of 3500-5500 m and has a thickness of 50-70 m. Data from parameter wells show that the Niutitang Formation has a high abundance of organic matter, but low gas content. This study aims to explain this anomaly.
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SAMPLING AND EXPERIMENTAL METHODS
Hydraulic fracturing experiments were undertaken with a large-size triaxial simulator, with the aim of simulating fracture cracking and expansion, thereby enabling an empirical discussion of the effect of natural fractures on the reconstruction characteristics of shale reservoirs. The simulation equipment was developed by the China University of Petroleum, Beijing. The simulation system included a specimen loading frame, a hydraulic servo loading system servo booster (MTS Systems), a data acquisition system, a regulating source, and an oil-water separator, among other components. Fracturing of the samples was influenced by specimen preparation, preset crack settings, and stress loading.
Specimen preparation
A concrete sample of 40 × 40 × 40 cm in size was used in the test. Concrete was used because the outcrop sample was not large enough and because it was difficult to identify natural fractures in outcrop. First, some small specimens with different ratio of cement and quartz were made, and then columns were cored to make rock mechanics experiments for strength parameters (compressive strength, poisson's ratio and young's modulus) that used to compare with outcrop samples. It was proved the mechanical property of specimen with the ratio of 1.2: 1 was closest to outcrop samples'. Then formal specimen was prepared according the best ratio. Cement and quartz were mixed with a ratio of 1.2: 1, and then poured into a customized mold. During pouring the wellbore was set to 2.0 × 1.5 × 22.5 cm in size. Figure 3 showed details of this process. 772
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Preset cracks setting
When the concrete reached halfway up the special mold, thin sheets of paper were placed in the concrete to simulate natural fractures, whose applicability has been proved by many researches. (Zhou, et al., 2007; Zhao et al., 2009; Zeng et al., 2010 Li et al., 2012 Cheng et al., 2014) . The length and orientation of the thin slices were set according to field observations of fractures. Laminations were set according to the aims of the test and the geology of the study area. There were three groups of fractures in southeast Chongqing, oriented N-S, E-W, and NE-SW. The E-W fractures were the most widespread. Accordingly, three groups of slices with different lengths and orientations were taken when the concrete reached halfway up the mold (Fig. 4) .
Stress loading
Horizontal stress difference was an important control on fracture expansion (Ji et al., 2011) . Therefore, stress loading was one of the key steps undertaken using the fracturing simulator. The size of the palaeotectonic stress was determined from acoustic emission (AE) data and the orientation of stress was determined using 
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Cambrian shale, southeast Chongqing, China structural analysis (Ge et al., 1998; Beugelsdijk et al., 2000) . This method allowed us to calculate the amount of horizontal stress difference. Then, considering the characteristics of the equipment and the concrete specimen knowing from the rock mechanics experiments of column cored from concrete specimen, the stress loaded in this test and other parameters were determined (Table 1) .
CHARACTERISTICS OF FRACTURES IN THE LOWER CAMBRIAN SHALE
Through the observation of many outcrops, cores, and thin sections, fracture parameters were characterized in detail including the fracture system, occurrence, density, height, length, and filling. Genetic type was also established. Porosity, permeability, and opening were calculated using an empirical formula (Formula 1~3). These calculations indicated that fractures in the Lower Cambrian shales are highly developed, with a different density than that inferred from well data. Fracture height was 20-50 cm and length was 3.1-4.5 cm. These values are considered to be low. Fracture opening was 0-200 μm, most of which was filled. Average porosity was 0.09% and average permeability was 0.28 mD, which proved that percolation is improved significantly by the presence of fractures in a low-porosity and lowpermeability reservoir, but fractures make only a minor contribution to total porosity (Long et al., 2011) .
(1) (2) Where σ n stand for the normal stress that applied on the fracture surface; P for pore fluid pressure; E and V for elastic modulus and poissons ratio respectively; C 1 and C 2 are proportion ratio, C 1 = (2.5-4.5) × 10 -2 and C 2 = 1-1.4
Where L i and B i stand for fracture length and fracture aperture; and As for sample area.
Where L i and B i stand for fracture length and fracture aperture; As for sample area. and C is the proportion ratio.
Genetic type
According to their origin, the mechanical properties and development characteristics of the fractures in the Lower Cambrian shales were divided into three genetic types: structural, diagenetic, and abnormal pressure fractures. Structural fractures were further divided into tensional fractures (Fig. 5A ) and shear fractures, based on their mechanical properties. On the basis of their relationships with the surrounding strata, shear fractures were further divided into high-angle translamellar fractures and lowangle décollement fractures. Diagenetic fractures were divided into interlayer bedding and rock convergent fractures. High-angle shear fractures were the most widespread in the Lower Cambrian shale. The fractures cut one other, and the different systems are of similar lengths. The openings in the shear fractures are narrow, filled mainly by calcite (Fig. 5C ). Lowangle décollement fractures were seen in parts of the wells, identified by slickenlines on their surfaces (Fig. 5E) . Most of the diagenetic fractures formed parallel to laminations in the shale, which are horizontal or low angles from bedding (Fig. 5B) . Abnormal pressure fractures were formed when the fluid pressure was higher than the (Fig. 5D) . Analysis of the sedimentation history, organic carbon content, and thermal evolution indicated that deep hydrocarbon cracking was the cause of the abnormal pressures observed in southeast Chongqing (Table 2) .
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Fracture system and occurrence
Based on fracture orientation, there are three groups of structural fractures, oriented N-S, E-W, and NE-SW. In the south of the study area, E-W and NE-SW fractures are widely developed. Farther to the north, N-S and E-W fractures are widespread, and in the northernmost part of the area the N-S fractures are orientated NNE-SSW (Fig. 6 ).
Stress-controlled mechanism
Using AE data, numerical simulations of the stress field, and structural analysis, the magnitude and orientation of the three tectonic stresses associated with the three sets of fractures were determined (Huds et al., 2003) . Our results indicate that southeast Chongqing has experienced three tectonic movements: the Indosinian, Yanshanian, and Himalayan (Zhao et al., 1989) . In response to the collision of the Qinling geosynclines with the Yangtze plate, stress was transferred to southeast Chongqing during the Indosinian, with a stress field orientated to the NNW. Its maximum principal stress was 20 MPa and the stress orientation was N020°E. Due to the subduction of the Pacific plate beneath the Asian plate, strong extrusion occurred in the NW-SE direction during the Yanshanian. The maximum principal stress was 60 MPa, oriented 116°. During the Himalayan tectonic movement, the principal bearing stress was N-S and the maximum principal stress was 40 MPa (Luo et al., 2009) . Cross-cutting relationships among the three groups of fractures indicate that the N-S fractures developed earliest, followed by the E-W fractures and finally the NE-SW fractures. The Anderson faulting model shows that a given principal tectonic stress will generate one group of conjugate shear fractures in which the angle between the maximum principal stresses is approximately 30°. Therefore, the three tectonic events that occurred in southeast Chongqing correspond to the three groups of fractures. NW-SE tectonic compression was dominant in the Yanshanian, forming mostly fractures oriented E-W. Tectonic movements of the Himalayan formed predominantly N-S fractures, and tectonic movements of the Indosinian formed predominantly N-E fractures (Fig. 7) . This indicates that the expanding direction of the fractures was controlled by the orientation of the maximum principal stress. The results of numerical simulations of the stress field and the predicted distribution of natural fractures indicate that differential stress controlled the development of natural fractures.
ENERGY EXPLORATION & EXPLOITATION
RESULTS AND DISCUSSION
Confining pressure vs. time
The relation between confining pressure and time (Fig. 8) indicates the fracture pressure of the specimen was 30 MPa and that fracturing occurred at many different time points. The serrated nature of the curve indicates the effect of natural fractures on hydraulic fracturing. When a hydraulic fracturing crack intersects with a natural fracture, the pressure escalates, causing reservoir heterogeneity. Therefore, during this 
Expansion of hydraulic fractures
(1) Near the well bore, many points fractured due to natural fractures and hydraulic fractures. However, not all the hydraulic fractures expanded along natural fractures. The primary reason for cracking was changes in the stress field due to natural fractures near the well bore, and associated changes in the orientation of the principal stress. The secondary reason was the effect of injection pressure, which led to complex and unpredictable pressures near the well bore. Fracturing formed three main cracks that propagated in a complex manner (Fig. 9) . Two of them fractured parallel to the direction of maximum horizontal stress (Cracks 1 and 2). Another fractured parallel to the minimum horizontal stress, and then changed orientation to expand along the maximum horizontal stress (Crack 3). A secondary crack formed, extended a short distance and then stopped (Fig. 9) . In general, the hydraulic fractures changed orientation many times when influenced by natural fractures, causing a complex expansion pattern.
(2) Farther from the well bore, hydraulic fractures extend along natural fractures.
Because the orientation of the maximum horizontal stress was rotated around natural fractures, the orientation of the hydraulic fractures also changed. (3) Far from the well bore, close to the specimen borders, natural fractures were fewer in number, so their interference with hydraulic fractures was reduced. Hydraulic fractures still change orientation upon encountering a natural fracture, but the influence of the natural fractures is relatively small. (4) A significant amount of fracture fluid was lost into natural fractures, reducing the fracturing efficiency. Evidence of fluid loss was found, including wormlike structures (Fig. 10) . Therefore, in practice, attention should be paid to fracturing fluid loss. In summary, fracturing in the sample caused three main cracks and one secondary crack, which expanded in a complex manner. Our study indicates that the Lower Cambrian shale has a good level of reconstruction. The hydraulic fractures changed orientation many times, due to the significant effect of natural fractures on the hydraulic fractures. The interference between natural fractures and hydraulic fractures varied spatially. Near the well bore, hydraulic fractures changed orientation over time, but they did not necessarily extend along the natural fractures. Farther from the well bore, the interference was greatly reduced. At the central section hydraulic fractures extends along a natural fracture, which had the strongest controlling action on the formation of hydraulic fractures. So during the field exploration, before hydraulic fracturing, the sectional characteristics of nature fractures around well bore should be detailed described, and fluid loss was predicted, which assist fracturing parameter design.
ENERGY EXPLORATION & EXPLOITATION
CONCLUSION
(1) Three genetic types of fractures were divided in the Lower Cambrian shale: structural fractures, digenetic fractures, and abnormal pressure fractures. High-angle shear fractures were the most widely developed and were the dominant seepage fractures. (2) Three ancient tectonic movements occurred in southeast Chongqing, which correspond to the three fracture groups. The tectonic movements in the Yanshanian were the strongest and formed the E-W fracture set, which was the most widely developed. The expanding direction of fractures was controlled by the orientation of the maximum principal stress, and the degree of fracture development was controlled by differential stress. (3) The results of hydraulic fracturing experiments performed using a large-size triaxial simulator indicate that the Lower Cambrian shale had a good level of reconstruction. The effect of natural fractures on the hydraulic fractures was significant, and the interference varied spatially. Fracturing fluid loss caused by natural fractures could reduce fracturing efficiency, and attention should be paid during hydraulic fracturing. (4) Only one of our simulations has general applicability, so in the future other tests should be undertaken with different fracture angles, distances, and densities, in order to further examine the relationship between natural fractures and the expansion of hydraulic fractures.
